Descriptions of physical abuse of children have emphasised the importance of various injuries including fractures. Current experience of abuse is that children sustain fewer of the recognised features, and paediatricians are expected to adjudicate on injuries that are single or minor. A difficult injury to assess is fracture of the skull, and published experience offers limited help. This study provides guidelines for the recognition of abuse in skull fracture from an analysis of 89 children, 29 of whom were abused. The diagnosis of abuse relied on the history and clinical findings. The history in 19 cases was of a minor fall from a few feet at most. In one case it was claimed that a door had been opened and the child's head had been struck inadvertently. In the remainder, the history was confused, unclear, or unrelated to the injuries. Histories were frequently changed or adjusted when further information was sought, and discrepancies between parents were often noted. In at least 10 cases a full confession was later made to the police.
The diagnosis of abuse was assisted by the presence of multiple injuries characteristic of abuse in 27 of the children, including 14 In 15 children, the parent delayed seeking medical advice after the accident, attending hospital only after the discovery of a swelling on the child's scalp. Ellis1 has drawn attention to similar swellings, claiming that they were due to leakage of cerebrospinal fluid associated with parietal fracture, and in many of his cases there was delay in presentation. In 7 of the 15 cases, the parent failed to recall the incident that could have accounted for the injury. Many of these were understandably viewed with suspicion and referred to the child abuse team, but in every case it was considered that either the accident had been unwitnessed or that a minor injury had been forgotten when the child seemed unhurt.
A total of 15 children with accidental fractures were referred with suspicion of abuse prompted by delayed presentation, adverse social factors, or unease about the circumstances of the injury. All were accepted as accidents after careful paediatric and social work assessment. Only one child in the accident group is known to have suffered abuse at a later date, but it is uncertain whether the original injury arose as a result of abuse.
Radiographs were examined by Dr S E W Smith, paediatric radiologist at St James's (University) Hospital. It was not possible to examine the films in true ignorance of the diagnosis as many of the children were well known from the time of the original injury. This was not considered to influence the assessment of the form, site, and dimensions of the fracture, which were recorded from the radiographs in each case.
Photographs, drawings, and written reports of necropsies performed by Professor D J Gee and Dr M A Green provided similar detailed information for each fracture case. Maximum fracture width was measured directly from the appropriate view radiograph but was not routinely recorded at necropsy.
Results
The usual excess of boys was noted in both groups. The bulk of abuse occurred in the first 6 months of life, the second and third months together providing 11 cases (38%). The bulk of accidents occurred in the second 6 months with 28 cases (47%). Growing-an enlarged linear fracture. Maximum fracture width-the widest point of separation of a linear fracture measured on the radiograph most closely approximated to the fracture. In practice, the slight magnification resulting from viewing the fracture from the opposite side of the skull has an insignificant effect.
The anatomy of skull fracture in abuse and accident is described in Table 1 . Single linear fracture was the predominant injury in the accident group with considerably fewer cases after abuse. Most commonly parietal in site, the fracture extended to reach one or two sutures in most cases ( Fig. 1 ).
In three children the fracture was bilateral and symmetrical in both parietal bones. One child was abused, another injured accidentally, and in the third subsequent abuse occurred. Bilateral linear fractures therefore present difficulties in assessment and should be interpreted with caution. They cannot be taken as certain evidence of abuse but should encourage careful assessment.
The multiple or complex fracture configuration ( Fig. 2) discriminates strongly in favour of abuse: there were 23 cases compared with only three after accidents. Children with many fractures had shattered skulls and severe head injuries. The criss-cross pattern seen in some radiographs was reminiscent of crazy paving and should alert the doctor to the likelihood of abuse (Fig. 2) .
Depressed fracture was also found appreciably more often in abuse. Only three children sustained The maximum width of the fracture in 40 accidental cases was 1 0 mm or less; 14 measured 1-0 to 3 0 mm and four 3-0 to 5.0 mm. None was wider than 5-0 mm; two were not measured. In the abused children, 6 fractures measured more than 5-0 mm on first presentation. A further four were between 3-0 and 5.0 mm and three between 1-0 and 3-0 mm. None was 1-0 mm or less. Measurements were not available from necropsies of 16 children, although in two the pathologist commented that the fracture seemed to be excessively wide. It is possible that the condition at necropsy would not have reflected that in life.
Growing or expanding skull fractures are considered to be uncommon and are almost unknown after the first few years of life. There are many in the published reports, but the exact mechanism of their production remains incompletely understood. The essential features as stated by Lende and In this study, fractures more than 5 0 mm wide were considered to be growing, and details are given in Table 2 -two followed accidents and 6 followed abuse. In the two accident cases and in four of the 6 abuse cases continued growth was noted after first presentation (Fig. 3) , but in two cases of abuse a rapidly fatal outcome prevented follow up. In all cases symptoms, signs, or computed tomography (CT) findings provided evidence of brain injury. Surgical treatment to date has been undertaken in the three children with very large cranial defects. In one child a subdural haematoma was drained but the fracture continued to grow.
Site. The site of the skull fractures is shown in Table  3 . The parietal was the most commonly affected bone in both abuse and accident, in agreement with the findings of Harwood-Nash et a13 in 1189 skull fractures in children of all ages. Only four accidental fractures affected non-parietal bones. One fracture, which extended from the parietal to the temporal bone, including the petrous portion, followed a fall of four metres from a first floor window. Three The more features present, the more confidently can abuse be diagnosed. In support of this, it was found that 47 of the 60 accident cases exhibited none of these features whereas 24 of 29 cases of abuse had more than two. The remaining 13 accident cases had from one to three features, with an appropriate history to explain the more severe injury in 10. In the remaining three children, who were all dropped, the diagnosis of accident must now be viewed with some uncertainty, especially as one child was later abused.
These conclusions are dependent on the effectiveness of separation of abuse from accident. No grey area of diagnosis has been formally defined in this study, although it would be unwise to claim that abuse could be confidently distinguished from accident in every case. Those cases where doubt existed have been included in the accident group.
The diagnosis of abuse demands absolute certainty to avoid conviction of innocent parents and unwarranted removal of children from their homes. The evidence must satisfy both the needs of clinical diagnosis and the process of law. The two most important corroborative facts in the diagnosis of abuse were the presence of multiple injuries and an inadequate explanation for the injuries.
It is fortunate that after abuse parents invariably gave a history of a minor fall or accident and did not claim that major incidents had been responsible for the child's injuries. Examples of the histories offered were: 'the baby slipped into the bath', 'he rolled off the settee', 'I dropped him into his pram, catching his head on the side'. Additional accidents were often added later when it was pointed out that the child had multiple injuries.
The 15 accident cases referred to the child abuse team reflect a reasonable level of suspicion of abuse among the doctors caring for these children. Only one child, who was not referred to the abuse team, was excluded from the study because serious doubts of abuse could not be resolved. While it is obviously not possible to identify missed cases of abuse, the hypothetical inclusion of a small number in the accident group would be unlikely to affect the overall conclusions, which are based on highly significant differences between the groups for all the features described.
What is the explanation for the differences in skull fracture in the two groups? The only information relating the severity of an accident to the resulting injury comes Maximum fracture width probably relates to other factors including the severity of the injury.
In some instances, occupation of intracranial space by oedema, ventricular enlargement, or blood produced fracture separation as an alternative to suture widening, which was infrequently seen. It has been suggested that an acute rise in intracranial pressure at the time of injury might be responsible for the bursting fracture.6 The mechanical process involved, however, has yet to be determined.
Dural tear and underlying cerebral injury are antecedents of the growing fracture, which in this study has important associations with abuse. A review of several papers in the English language2 7-13 showed more than 50 cases of growingv fracture but only two cases where the stated mode of injury was child abuse. The findings in this study, that is, 6 cases of abuse and two of accident, conflict with earlier reports.
Growing fractures have attracted the attention of, neurosurgeons and radiologists more than that of paediatricians, and their reports have focused on pathogenesis and surgical management rather than on their cause. This may explain some of the differences. A final observation is that growing fractures follow severe injury, and both cases due to accidents involved major falls. The presence of a growing fracture, where a minor fall is alleged, is likely to be the result of abuse.
Depressed fractures are very uncommon in the O to 6 month old child except after birth trauma,3 which in most maternity units nowadays has become a rarity. This type of fracture should arouse strong suspicion of abuse if the history does not positively implicate a fall onto a sharp or pointed object. A depressed fracture of the occipital bone is virtually pathognomonic of abuse, and the prevalence of occipital fractures in general may reflect the position in which the child is held as his head is struck against a wall or other solid object.
This study also confirms the important-connection between subdural haematoma and abuse. The absence of a single case of clinically detected subdural haematoma after accident is remarkable. The high incidence of brain injury and death in abused children is a further reflection of the severity of the head injury but there is nothing specific in the type of injury.
Many of the children described here represent the severe end of the spectrum of skull fracture in abuse. It is possible that more 'gently battered babies' might be indistinguishable from those having minor falls. Single, linear, parietal fractures do follow abuse, but in three of the four cases in this series there were other features that would have indicated abuse (two wide fractures and one subdural haematoma).
This study provides guidelines for the detection of abuse in children with skull fracture. It should assist in the protection of the seriously injured abused child and enable the professional witness to pronounce with greater confidence on this difficult injury.
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